Access to electricity is limited in rural areas of Myanmar, where the majority of the population live.
Introduction
Myanmar‫׳‬s first national population and housing census in thirty years conducted in 2014 shows that
73%
1 of Myanmar‫׳‬s population of 51.5 million live in rural locations [1] . Rural Myanmar is marked by ethnic diversity 2 [2] , abundant natural resources [3] and impoverished populations [4] . When grouped by gender and urban/rural location, rural women head 22% of conventional counted households, have a 50% workforce participation rate and number 18.9 million forming Myanmar‫׳‬s single largest population group [1] . Although living in a country ranked 83rd out of 152 countries on gender equality and 120th of 175 countries listing per capita gross national income for women [5] , Myanmar‫׳‬s rural women are, like women in other poor rural economies [6] , the central providers of goods and services meeting the rural population‫׳‬s basic human needs.
As the rural population in Myanmar lacks widespread access to electricity and modern cooking options [1, 7] negative health, education and time impacts accrue on those tasked with the collection and use of solid fuel resources needed to meet basic human needs. Around 43% of total population have access to electricity, of which, only 18% is in rural areas [7] .
Poor lighting sources are linked to marginalization in education, personal safety (especially for women), productive time [8] and life [9] . Time spent collecting fuels and cooking is time lost towards education, social and economic activities [10] . Health issues arise from the inhalation of pollution from solid fuels and kerosene used in households for cooking, heating and lighting [11] . Due to the traditional roles of women in Myanmar, women are more likely than men to be exposed to these negative impacts.
If leveraged to improve health, equality, educational, economic and empowerment outcomes in the lives of women [12] , energy can be an important entry point for improving the lives of women in rural
Myanmar. Changes to rural cooking systems that move users away from solid fuel use in inefficient and polluting cook stoves represent an energy intervention that faces large challenges [13] but also has great potential to improve the lives of rural women in Myanmar. Despite such potential and a range of community targeted cook stove programs in Myanmar [14, 15] , neither the government nor multilateral institutions supporting energy interventions in Myanmar appear to be targeting this Sustainable Energy for All goal [16] yet. However, the ongoing development of Myanmar government policy initiatives supporting universal electrification in rural areas [17] and gender equality across the country [18, 19] suggest the widespread potential for the realization of positive synergies between rural electrification and women‫׳‬s empowerment. 3 A review of the literature shows that the cost of supplying electricity by extending the grid to rural areas is usually prohibitively high worldwide [20] [21] [22] [23] . Therefore, supplying access to electricity to those in less densely populated rural areas by using stand-alone household or village-scale distributed generation systems (either fossil fuel or renewable energy based) is usually the only practical or realistic option. Renewable energy systems have several important advantages over fossil fuel generators. They avoid the risks of high and increasing fuel and transport costs, and reduce the risk of environmental pollution. For these and other reasons, small stand-alone household systems, including solar home systems (SHS) or village-scale solar photovoltaic (VSSPV) systems, have emerged as one of the preferred electricity options in rural areas of developing countries [24, 25] .
Myanmar‫׳‬s rich solar resource available across most of its territory [26, 27] , is an initial indicator of feasibility for rural solar electrification systems. In addition, solar PV prices have dropped [28] , solar PV powered services in Myanmar are increasingly affordable [14, [29] [30] [31] and a range of solar PV projects have already been proposed in Myanmar [14, [32] [33] [34] . However, there are currently a host of barriers facing the diffusion and adoption of functionally sustainable solar PV systems in rural
Myanmar [14, 17, 26, 30, [35] [36] [37] [38] [39] . These include lack of financing, lack of standards, bureaucratic complexity, reliance on equipment subject to import taxes and poverty levels that still make the upfront costs of the more affordable solar PV services unreachable for the rural communities.
This paper examines the status of both solar PV and women in rural Myanmar. The paper reviews and reports on academic literature, institutional literature, magazine articles, and newspaper and organizational reports sourced using library databases and online search engines. Due to a paucity of both relevant and recent academic literature on Myanmar, this study largely relies on the mass of institutional literature arising from the 2012 international finance institution reengagement with the country [40] . The contribution of this study is to compile, review and reorganize surveyed literature in order to identify and classify the key issues that need to be addressed in order to create a solar PV empowered female population in rural Myanmar. Kyi is barred from contesting the presidency [41] . One of 10 Association of Southeast Asian Nations (ASEAN) nations, Myanmar held the rotating chairmanship of the group in 2014 -a first in its seventeen year membership [42] . Once known as Asia‫׳‬s rice bowl [43] , the UNDP [4] found that in 2010, 24% of the Myanmar population was landless and 25% of the population lived in poverty. The 2014 Human Development Index (HDI) ranked Myanmar 150th out of 187 countries [5] , a ranking that has not changed since 2008. Despite over fifty years of governance struggles and declining economic prospects [44] , Myanmar remains a country filled with natural beauty, abundant natural resources [3] , and prospects for positive change [45] .
Demographic background of Myanmar

Women in rural Myanmar
Despite a 52% population share [1] [49] . On a distributed scale, women have also been organizing to represent their own interests ("increased economic well being, increased social development and social security, greater communal harmony and augmented individual capacity") in limited areas of the country since 1997 through UNDP supported Self Reliance Groups [50] .
However, an ADB scoping report covering rural portions of two of Myanmar‫׳‬s 21 administrative divisions found that women earned, on a normal day, a lower rate of pay for labor than men and traditionally spent four to six hours a day preparing meals [35] . In addition, the UNDP‫׳‬s Human Development Report 2014 estimated that in 2013 women had a Gross National Income (GNI) that was 72% of men‫׳‬s GNI in Myanmar [5] . Although microfinance is available to both men and women in some areas of Myanmar [50, 51] , women were reported to represent 83% of 13,282 borrowers in the only scheme providing a gender breakdown in a 2013 International Finance Corporation assessment [51] . Another scheme self-reported that 99% of over 500,000 borrowers in 2012 were women [52].
Energy use in rural Myanmar
Energy consumption data from Myanmar shows that although 85% of the country‫׳‬s total final energy consumption comes from renewable energy sources, modern biomass and hydropower only account for a combined 5.4%, while traditional biomass accounts for the remaining 79.5% [7] .
Modern energy access
Despite an abundance of coal, gas, petroleum, hydropower and solar resources, Myanmar‫׳‬s population centrally relies on forest products for household energy provision [53] . In fact, in 2010 only 28% of the rural population had access to electricity and only 5% had access to non-solid fuels.
Comparatively, 92% of the urban population had access to electricity 4 and 17% had access to nonsolid fuels [7] . The Myanmar government, in collaboration with international finance institutions is working on a national electrification plan (NEP) that aims for universal access by 2030 [56] as well as laws to enable better rural energy service provision. These include a 2014 draft electricity law allowing small power enterprises with a generating capacity of up to 10 MW and a renewable energy law [17] . Policy suggestions for promoting renewable-powered rural electrification in Myanmar can be found in a recent UNDP [14] report and include: credit support, human capacity building, innovative loan reforms supporting solar and renewable energy; solar and renewable energy technology subsidies and import tax breaks; and national renewable energy technology standards. Specifically with respect to government SHS, a World Bank consultant recently identified the lack of quality control on government SHS and the need for SHS equipment quality standards [39] .
Energy and gender in rural Myanmar
Allendorf and Allendorf [57] suggest that although household patterns vary by area, men are the primary fuel wood collectors in the four rural areas in northern Myanmar covered by their study. Electricity also has a gender dimension in parts of rural Myanmar. In a study of six rural villages in Myanmar‫׳‬s central dry zone, Dolly Kyaw et al. [59] found that female-headed households are less likely to have access to electricity -sourced at a high price from private diesel generators -than male-headed households. Using policy simulations around electricity and other significant determinants, the study found that increasing access to electricity aided in alleviating poverty in all households but particularly had the largest poverty alleviation impact on rural female-headed households. 5 A UNDP reading of this same study found that in Myanmar the "poorest households are headed by women, with such households representing only 9% of the population but 46% of those in poverty" [14] .
Solar PV in rural Myanmar
Most remote areas in Myanmar are not connected to the national grid system, which in 2011 had an installed capacity comprised of 76% hydropower generation, 21% gas generation, and 4% coal generation [53] . Even the government‫׳‬s recent NEP which plans to reach over 90% of currently unpowered households with a national grid connection, will not cover many areas of rural Myanmar in the next decade [60] . Decentralized renewable energy systems like solar are offered up by some as a promising way to light [31] Surveyed literature provides evidence of practical applications of solar PV‫׳‬s use in Myanmar.
Khaing [63] reports that in 2010, Myanmar generated 0.75 GW h of energy from solar power and describes a solar lighting and solar water pumping village restoration project in the Ayeyarwaddy Division that benefited 135 families, a health clinic, a primary school and a storm shelter. Yee et al. [36] note that in Myanmar, solar energy is used in irrigation, rural electrification, water pumping and health service provision. Kyaw et al. [37] TOTAL reports that it is in the process of transitioning to a national solar lamp pilot project [71] .
Ongoing and future solar PV projects also appear in surveyed literature. A report by Greacen [17] notes that Myanmar‫׳‬s Department of Rural Development (DRD) is planning to electrify over 170,000 Demonstration Project" which was approved in May 2014 [34] .
Despite evidence of a diversity of solar PV systems in use across rural Myanmar, the preceding section is challenged by a lack of solar project and system details (design, specifications, cost, financing, policy, regulation, functional sustainability). Even sources that do provide a thorough and detailed look at specific rural solar PV systems in selected areas of Myanmar, such as Greacen‫׳‬s [39] report on DRD SHS in 10 villages in three states/regions of Myanmar, have limited transferability beyond their designated system focus, geographical, and temporal boundaries. Until a comprehensive field study is undertaken, solar PV system reporting standards improve and national policies, standards and regulations provide an enforced framework for solar PV implementation in Myanmar, a comprehensive study of the status of solar PV in the country will remain challenged.
Drivers and barriers facing solar PV in Myanmar
A recent UNDP [14] report recognizes the potential for solar lanterns and torches to meet basic lighting demands within rural household energy budgets as well as the potential to link solar and renewable energy technologies to women‫׳‬s empowerment in Myanmar. However, the same report details the barriers facing these and other renewable energy efforts in the country, including a "labyrinthine policy landscape", the clash between market economy and subsistence needs, competing and conflicting priorities, and the inaccessibility of bank loans to poor people. An International Finance Corporation [72] market analysis on the use of renewable energy for mobile phones found that the following factors hinder renewable energy -and especially solar PV in Myanmar:
•lack of a fully transparent institutional and legal framework to support exploration, development, and deployment;
•lack of policy guidelines with necessary support and incentives for the development of renewable energy in rural electrification;
•lack of finance to support research and development;
•lack of human resource capacity;
•lack of awareness on resources and technology.
The ADB [35] lists existing human capacity in rural areas as a potential driver for solar PV and renewable energy systems, but provide a longer list of barriers including high up-front costs, lack of access to financing and solar PV markets, knowledge gaps, and poor quality equipment. An EUEI sponsored report provides Strength, Weakness, Opportunity and Threat (SWOT) analysis for a range of solar powered systems in Myanmar, finding in general that, although Myanmar has a good solar resource countrywide, widespread solar PV system uptake at a household level is hampered by affordability and a range of other factors [30] . Table 1 lists recent UNDP, ADB and EUEI findings for drivers and barriers facing solar PV in rural Myanmar.
Drivers and barriers of a similar nature are mention variously in other literature [26, 27, [36] [37] [38] [39] 73] . For example, Aung [26] mentions limited funds, lack of proper financing mechanisms, lack of standards, and lack of capacity development as barriers to off-grid electrification in Myanmar. Swe [73] highlights the following as barriers facing solar enterprise development in Myanmar:
•access to finance (credit, loans),
•poor technical and management skills,
•low quality products,
•lack of networking,
•lack of government support for technology transfer, and
•bureaucracy.
A Mercy Corps [58] report, in which solar power (1%) ranked just above candles and well below grid electricity (55%) for preferred lighting energy source in a region of the Ayeyarwady Division, suggests a deficit of positive examples of solar PV lighting in the area [74] .
Discussion
Prospects for solar PV in rural areas
Solar PV systems in rural areas allow people to work longer hours and increase income, as well as to manage household work better [75] . Permanent off-grid and mini-grid solar PV electrification are expected to be entirely in rural locations but surprisingly will account for less than 0.3% of total national connections [60] .
The actual progress towards stated government infrastructure intentions in rural areas remains to be seen. For rural communities facing a sizable wait before government facilitated electrification reaches them, the continuing need and opportunities for 'self-help electrification' using solar PV and other renewable energy technologies in rural areas of Myanmar should not be overlooked [77] . For those communities, the ability to take advantage of needed solar PV-powered services depends not on eventualities and intentions but on the timely diffusion of affordable and high quality solar PV technologies.
A central driver for that diffusion is the growing affordability of solar PV-powered services [28] in Myanmar, which is evinced by sales [31, 71] , comparisons with household energy budgets [14, 29, 30] and studies by local NGOs. 10 Local knowledge and experience that supports solar PV service diffusion in rural areas represent another central driver. However, as Table 1 shows, barriers facing solar PV in rural areas far outnumber drivers.
Solar PV programs in rural Myanmar face barriers similar to those addressed by rural electrification and solar PV diffusion activities elsewhere in Asia. Sovacool [78] provides six model programs from
Asia involving off-grid solar PV that variously address affordability, credit, technology development, market creation, finance and coordination barriers. Palit [79] provides examples of successful activities addressing financial, technical and social barriers to rural solar PV energy programs in South Asia. Greacen [39] and Haque [80] highlight aspects of the IDCOL SHS program in
Bangladesh that address maintenance, equipment standard, sustainability, credit and affordability barriers. More generally, a study of regional rural electrification programs in South and Southeast Asia found that governments implementing reforms to address the affordability barrier increased both the energy access and consumption of the targeted poor population [81] . Lessons learned from past and current solar PV programs, initiatives, studies and projects represent a key resource for all supporters of solar PV in Myanmar to draw on.
Diffusion of solar PV to rural areas through efforts such as those of the UNDP and ADB will also increase the incidence of high quality fielded equipment and human capacity in rural areas. However, such efforts, on their own, will fall short of the necessary ecosystem 11 to ensure the functional sustainability of solar PV systems in rural areas. What are required are synergies between efforts addressing barriers, such as the one suggested by Greacen [39] between the government DRD SHS program and the government‫׳‬s NEP in combination with legislation that supports equipment standards for solar PV systems.
Solar PV systems for the empowerment of women in rural areas
A broad study of gender and energy by Panjwani [82] concludes that "energy interventions can contribute to women‫׳‬s empowerment and to achieving greater gender equality." Examples of interventions combining women‫׳‬s empowerment and solar PV include Sharma [83] , which discusses the use of solar-charged rental batteries in India to generate income both for the woman renting out the batteries and the female vendors using batteries to extend sales hours. The Barefoot College in India represents another example and reports that as of November 2014, 740 women solar engineers empowered by the College‫׳‬s efforts currently maintain lights for over 450,000 people in 64 countries, creating concrete positive environmental, educational and financial impacts in their communities [84] .
According to the Barefoot College in India, although many of its trainees are illiterate or semi-literate, they are tough, exceedingly smart, and confident enough to learn new things that interest them [85] .
Women friendly spaces and centres like the Barefoot College also allow women to network and make business contacts. Solar Sister provides a third example and reports over a thousand women entrepreneurs operating in three countries and providing solar-powered lighting for 180,000 people [86] .
Each of the three examples given would have needed to address common problems women face in achieving their full potential as entrepreneurs. One problem is that although the entrepreneurial process is the same for men and women in theory, in practice different factors (e.g. psychological, social/cultural, religion, economic and educational factors) in the Asian region ultimately result in the disadvantaged status of women led enterprises [87] . A second identified issue comes from the same study points out that many women in developing countries are unaware of new technologies or not received proper training in their use. A third issue is identified by the United Nations Industrial Development Organization (UNIDO) which reports that women face more difficulties in obtaining credit, despite the fact that they can repay the loan [88] .
Common additional barriers facing solar PV empowered women entrepreneurs in Myanmar and worldwide include:
•traditionally female responsibilities for children, home and other dependent family members that make it difficult for women to devote their time and energies to their business;
•village accessibility and social restrictions on the mobility of women impacting their ability to network with other villages;
•a lack of women representatives in shaping important gender and renewable energy policy;
•a lack of technical skills allowing women to design, repair, use, and care for solar PV systems in rural areas.
While there are studies on positive examples of solar PV microenterprise [89] in Ghana and solar PV micro utilities serving local entrepreneurs [90] in Bangladesh, neither focused on the interaction of women with solar PV systems and services. In addition, although the use of solar PV for rural electrification in Asia has been studied extensively [91] [92] [93] , most existing studies have taken a technology approach to PV development [94, 95] and none of the studies have analyzed the impact of gender on the promotion and use of solar PV in rural Myanmar. Examples such as the Barefoot
College and Solar Sister show not only the relevance, but also the important role that solar PV systems and services can play in women‫׳‬s empowerment. Ideally, the design and rollout of government partnerships and commitments towards improving national gender equality [19] will include core integration into the design and rollout of other National Action Plans focusing on rural development, poverty alleviation and universal electrification and inclusion of organizations representing ethnic communities [96] and ethnic women.
Conclusion
To address the low electrification rate in rural areas in Myanmar, a number of initiatives and programs Data Source: [54] . Data Source: [64] . High up-front costs of solar PV systems and lack of access to financing; lack of diffusion of solar PV markets; end user knowledge gap; lack of equipment standards and availability of poor quality equipment
